
RESEARCH MEMORlANDUM 

PREIXMINARY INVESTIGATION OF CONTROL CHARACTERISTICS 

AT TRANSONIC SPEEDS OF A TAPERED 4 5 O  SWEPTBACR 

WING OF ASPECT RATIO 3 €€AVDIG A HORN- 

BALANCED FULL-SPAN CONTROL 

By John G. U w r y  and Joseph E; Fikes 

Langley Aeronautical Laboratory 

:LASSIFiCAftON CANC&?!?!? Field, Va. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS .. - 

UNCLASSIFIED 



1Y NACA RM L52AI-l 
c 

WI'IOMAL ADVISORY COMMITTEE FOR AERo'kAUTICS 

PmLIMINARY INVESTIGATION OF COXPROL CHARAI;ITI"JIISTICS 

AT TRANSONIC SPEEDS OF A TAP- 45O SWEPTBACK 

WING OF ASPECT RATIO 3 HAVING A HQRN- 

BALANCH) FULL-SPAN CONTROL 

By John G. Lowry and Joseph E. Fikes 

' 
SUMMARY 

An investigation was  made at  transonic Speeds in the  Langley high- 
' speed 7- by  10-foot  tunnel t o  determine hinge-moment and effectiveness 

characterist ics of a horn-balanced control on an aspect-ratio-3, 45' 
sweptback wing. The Investigation was extended  tl;rough the  transonic 
speed  range b y t e s t i n g   i n   t h e  high velocity  field.  over a ref lect ion 

#. plane on the  sidewall of the'tunnel. 

The resul ts  of the  investigation  fndicated that the  horn balance 
b was effective at subsonic  speeds in reducing the hinge moments of  the  

control but was relatively  ineffective  at  transonic speeds-. 

IIJTR3DUCTCION 

The problem of balancfng  control  surfaces has always been one of 
the more d i f f i cu l t  problems associated  with  providing  adequate  control 
for  an a i rc raf t .  There are  several  summary reports  (references 1 t o  4) 
that cover the problem in   the  subsonic s p e d  range  but only a few data 
are available at transonic and supersonic  speeds. The National Advisory 
Committee for Aeronautics is at the  present  time  investigating  the 
various  types of aerodynamic balances in the transonic  speed  range. In  
this investigation no attempt i s  being made to obtain  design data, that 
is, to determine the amount of balance  required' t o  completely  balance 
the  surface. The emphasis is being  placed, however, on finding which 

* of the  conventional  balances  appears  promising at   transonic speeds. 

UNCLASSIFIED 
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The present  paper  presents one such  investigation - a limited 
study of an unshielded horn balance on an aspect-ratio-3, 45O swept  wing. 
One horn shape w a s  investigated  through a limited angle  of  attack and 
control  deflection  range  at speeds from Mach  number 0.7 t o  1.1. 

COEFFICIENTS AND SYMBOIS 

CL 

ch 

S 

b 

C 

" 

9 

l i f t  coefficient Twice semispan l i f t  
qs 

gross rolling-moment coefficient at plane of  symmetry 
/ ~o l l ing  moment of semispan model\ 

f lap  hinge-moment coefficlent 

( Flap  hinge moment about  hinge l i ne  of semispan f l a p  

92M ) 
twice w i n g  area of basic semispan model, 0.202 square  foot 

twice semispan of basic model, 0.778 foot 

of basic wing,  0.269 foot 

area moment of semispan f lap  (without  horn)  rearward of hinge 
l ine  about  hinge l ine,  0.000692 foot cubed 

effective dynamic pressure over span of model, pounds per 

square  foot (go+) 

local wing chord, feet 

spanwise distance from plane of symmetry 

m a s s  density of a i r ,  slugs per  cubic  foot 

free-stream  velocity,  feet  per second 
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M effective Mach  number over  span of model 
I (; sd”” CM, dY) 

Ma average  chordwise local  Mach nuniber 

M2 local  Mach nmiber 

R Reynolds nuniber of wing based on Z 

a5 angle of attack,  degrees 

3 

I 

8 f l a p  deflection  relative t o  wing-chord plane, measured i n  a 
plane  perpendicular t o   f l a p  hlnge axis (posit ive when t r a i l i n g  
edge is down) ,‘ degrees 

Paremet era : 

The subscripts  outside the parentheses  indicate the factors held 
constant during the  measurement of the parameters in   the   v ic in i ty  
o f  8 = 0’ and a = Oo, respectively. A l l  the  force and moment coeffi- 
cients  are based on the  area and span of  the basic wing without  the horn 
balance. This allows f o r  easier  evaluation w i t h  other  types of balances 
(references 5 t o  7 )  that were investigated on the same wing. 
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The semispan model used  during t h i s  investigation was tes ted on the 
sidewall  reflection  plane  setup  of the Langley  high-speed 7- by 10-foot 
tunnel and  had a quarter-chord sweep angle of 45.58O, aspect  ratio 3, 
taper   ra t io  0.5, and an NACA 64AO10 a i r fo i l   sec t ion  measured in  a plane 
at 45O t o  the plane of symmetry. Pertinent dimensions of the model  and 
the  reflection-plane  plate are given i n  figure 1 and a photograph  of a 
typical  wing  mounted on the reflection  plane is shown in figure 2. The 
wing was equipped with a full-span,  plain  flap-type  control of 25.4 per- 
cent of the chord measured pa ra l l e l   t o   t he  plane  of symmetry. The f lap 
was equipped with a triangular-shaped horn balance  having an area  equal 
to 73 percent  of the f lap  area (f ig .  3 ) .  

The s t e e l  model w a s  mounted on an electrical  strain-gage  balance 
which was attached  to the tunnel wall and shielded from t h e   a i r  stream. 
A strain-gage beam was attached t o  the flap hinge  pin that indicated 
the f l ap  hinge moments.  The model butt extended through a turntable   in  
the  reflection-plane  plate  with  the  clearance gap, about 1/16 inch, 
sealed by a sponge-rubber  wiper s e a l  glued t o  the lower surface  of  the 
turntable  (references 7 and 8). 

TESTS 

The t e s t s  were made on the  sidewall  reflection-plane  test  setup of  
the Langley high-speed 7- by  10-foot  tunnel. The reflection-plane tes t  
setup was devised as a  method of tes t ing small semispan models through 
the  transonic speed  range and utilized  the  high-velocity flow f i e l d  over 
a pla te  mounted about 3 inches from the  tunnel wall. The technique is 
further  described in reference 8. 

Typical  contours  of  local Mach  number distribution in the   vicini ty  
of  the model location  are  shorn  in  figure 4. The contours  indicate a 
Mach  number variation  over  the model of as much as 0.05 at high Mach 
numbers. No attempt has been made to  evaluate  the  effects of this Mach 
number variation on the force measurements of this model configuration. 
The e f fec t ive   t es t  Mach  number was obtalned from similar contour  charts 
using  the  relationship 
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L i f t ,  rolling-moment, and control hinge-moment data were obtained 
through a Mach  number range of 0.70 t o  1.10 and an angle-of -attack  range 
of 0' t o  12'. Flap  deflections of Oo, 3, and -loo were covered in the 
t e s t .  A typical  variation of Reynolds nunher with Mach  number is pre- 
s ented i n  figure 5. 

1 

C O m C T I O N S  

The aileron-effectiveness parameters Cz8 presented  herein  repre- 
sent   the   aerodyndc  effects  on a complete wing produced by the  deflec- 
t i on  of the  control  surface on only one semispan of  the complete wing. 
A refleckion-plane  correction, which accounts f o r  the carry-over of load 
t o  the  other wing, has been applied to the  parameter Czg throughout 
the Mach  number range tested. The corrected  value of Cz8 w-as obtained 
by multiplying  the measured value of Cz8 by the  correction  factor 
of 0.672 which was obtained from an unpublished  experimental  investigation 
a t  low speed (M = 0.25) and theoretical  considerations. Although the 
corrections are, based on incompressible  conditions, it i s  believed that 
thk  results  obtained by applying  the  correctidn  factor  give a be t t e r  
representation of the  true  conditions  than  the  uncorrected  results. 

m The desi@ of the King necessitated  the  use of a long hinge  pin 
extension to accommodate the hinge-moment strain-gage beam. Measurable 
deflectfons i n  torsion were evident when control  hinge moments were 

hinge moment applied and control  deflections have been corrected 
accordingly. 

1 applied. These deflections were found t o  be a direct  function of  the 

RESULTS AND DISCUSSION 

Variation of  the aerodynamic characteristics  with  control  deflec- 
t i o n   m e  shown in  f igure 6. '?&e effectiveness and hinge-moment  parame- 
ters  obtained from figure 6 are  shown in   f igures  7 and 8. The data for  
the  plain  control were obtained f r o m  reference 6.  

The hinge-moment parameters C b  and Chs ( f ig .  7) indicate 

that the horn balance  provides a positfve increment i n  C b  throughout 
the speed  range investigated,  but  balances C b  only for  M <  1.0. 

The r a t io  of the  increments i n  the C k  and ch5 in   the  subsonic 
* 

.. range are  very  similar t o  those found on unswept wings  with  unshfelded 



6 NACA RM L52A11 
. 

horn  balances at low speed (reference 3 ) .  The ineffectiveness of the horn 
in  reducing Chg above M = 1.0 is i n  agreement wi th  the  resul ts  of  an 
investigation of a shielded horn on a 35' sweptback wing (reference 9 ) .  

The effectiveness parameters CLs and C z g  ( f ig .  8) show the same 
variation w i t h  Mach  number as the plain  control, that is, a decrease  in 
effectiveness  near a Mach  number of 1.00, but  the  addition of the horn 
increases the effectiveness  throughout  the  speed range,  probably  because 
of the  increase o f  control  area. 

An investigation  at  transonic speeds  of a horn-balanced control on 
an aspect-ratio-3, 45O sweptback wing indicated that the horn balance 
reduced the hinge moments o f  the control due t o  deflection a t  subsonic 
speeds,  but  not i n  the transonic speed range. The horn balance  provided 
a positive increment in  the  variation of- the hinge-moment coefficient 
w i t h  angle of  attack throughout the speed  range, and actually  resulted 
in  positive  values of chis parameter a t  subsonic speeds: 

Langley Aeronautical  Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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Figure 1.- Basic w i n g  model mounted on t h e  ref lect ion plane in the 
7- by IO-foot high-speed tunnel. 
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Figure 3. -  Details of control teated. 

Area of horn = 13 
Area of f l a p  

Area of horn ahead of hinge l ine  
Area of flap and horn behind hinge l ine  

= 0.10 

Moment area of horn ahead of hinge line 
Moment area of flap and horn behind hinge line 

= 0.17 
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Figure 5.- Typical variation of Reynolds nlmiber with t e a t  Mach number 
thro@ t h e  transonic meed range. 
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(a) M = 0.70. 

Figure 6 . -  Variation of aerodynamic characteristics vlth f l a p  deflec- 
t i o n  for various angles o f  attack and Mach numbers. 
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(a) M = 0.80. 

Flgure 6.- Continued. 
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Figure 6. -  Continued. 
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Figure 6.- Continued. 
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Figure 7.- Variation of hinge-moment parameters w i t h  Mach nuniber. 
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Figure 8.- Variation of lift parameter and aileron-effectiveness 
parameter with Mach nMiber. . - 
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